Background Obesity is of increasing concern especially among firefighters. Bias in self-reported body weight, height and body mass index (BMI) has received a great deal of attention given its importance in epidemiological field research on obesity.
Introduction
Occupational health surveillance is a growing priority in view of the numbers of workers who are injured or become ill at work [1] and surveillance of chronic conditions or health behaviors leading to disease, such as obesity and tobacco use, are pressing priorities [1, 2] . In the USA, obesity is a clear predictor of Workers' Compensation claims. In a retrospective cohort, Class I (body mass index (BMI) = 30.0-34.9), II (BMI = 35.0-39.9) and III (BMI ≥ 40.0) obese workers made significantly more claims and had more lost work days than workers of normal weight (BMI = 18.5-24.9) [3] . Obesity-related variables are increasingly used by researchers from the US Department of Labor's Bureau of Labor Statistics because of their importance in describing the workers' occupational environment [4] .
Despite the growing interest in tracking obesity in occupational health surveillance, concerns have been raised about how best to collect anthropometric data (e.g. height and weight as a minimum). Self-reported height and weight are commonly used in surveillance activities such as the Behavioral Risk Factor Surveillance System in the USA [5] . They are easy to collect and involve lower costs and fewer logistical problems [6] . The validity of self-reported heights and weights has been studied by a number of investigators [6] [7] [8] [9] . Overall, self-reported height, weight and BMI are reasonably accurate and demonstrate high correlations with direct measures [6] [7] [8] [9] . However, a number of biases have been identified, including demographic and body composition factors associated with either under-or overestimating height, weight and BMI. For ex ample, obese individuals tend to overestimate their heights while underestimating their weights, resulting in underestimated BMIs [6] [7] [8] [9] . Given the value of including obesity measures in health surveillance, it is important to verify the accuracy of targeted occupational groups' self-reports and identify sources of bias. The US military regularly conducts health surveillance, including obesity measures [10] , because active duty military personnel are generally not adequately sampled in civilian surveys [11] . The US Department of Defense (DoD) uses their survey as a primary source of prevalence and trend data for a broad range of health behaviors and conditions affecting readiness, particularly obesity and tobacco use [11] . However, the self-reported items used in the DoD survey have never been validated in military personnel and the department has accepted the use of self-reported measures based on civilian validity studies [10, 11] .
US firefighters are a large and important occupational group likely to benefit from periodic health surveillance due to their exposure to a number of toxins and medical hazards, frequent work under dangerous conditions and the number of significant health issues affecting them, including high rates of obesity, stress, problem drinking, smokeless tobacco and cardiovascular disease [12] . For example, sudden cardiac death (SCD) is the leading cause of line-of-duty deaths among US firefighters and SCD cases are 2.2 times more likely to be obese than active firefighter controls [13] . Obesity is also a significant predictor of injury, with obese firefighters five times more likely to experience musculoskeletal injuries than those of normal weight [14] . Unfortunately, the vast majority (~70%) of US fire departments do not provide regular assessments or programs for maintaining the health and fitness of incumbent firefighters [15] . We have validated self-reported cigarette smoking status in a population-based sample of career firefighters using breath carbon monoxide testing and found a very low rate of false negatives (1%) [16] . Given the high rates of overweight (BMI ≥ 25 = 77%) and obesity (BMI ≥ 30 = 33%) among US male career firefighters [17] , the purposes of this study were to determine the validity of self-reported weight, height and BMI and identify potential biases in estimating these parameters.
Methods
Self-reported and measured height, weight and BMI data are from the baseline evaluation of an ongoing longitudinal cohort study conducted by investigators from the Center for Fire, Rescue and EMS Health Research at the National Development and Research Institutes (NDRI) and the University of Texas Houston Health Sciences Center (UTHHSC). The parent study was funded by the Assistance to Firefighters Grants program managed by the Federal Emergency Management Agency (EMW-2009-FP-01971) and focused on the impact of wellness and fitness programs on health and safety in career firefighters [18] . The protocol for the protection of human subjects for this study was approved by the NDRI and UTHHSC Institutional Review Boards.
Details about department selection and participant recruitment are provided in Poston et al. [18] . Briefly, 20 fire departments (10 that had an established wellness approach ['WA'] program and 10 that did not ['Standard']) from across the USA and its territories were recruited and matched, based on a number of key factors including department size, geographic region, personnel composition and call volumes. To maximize recruitment, the investigative team travelled to the 20 departments for 3-8 days depending on the department size and shift structure. After consenting to participate in the study, firefighters completed a weight and height selfreport form before starting the evaluation. Subsequently, they were provided with a health survey and were moved through assessment stations including direct measurement of height and weight. All fire departments were visited again 6 months after their baseline visit to evaluate the longitudinal impact of wellness programs.
Height was assessed with a portable stadiometer (Charder HM200P Portstad Portable Stadiometer, Charder Medical, Taiwan ROC; http://www.chardermedical.com) and body weight with a digital scale (Tanita 300, Tanita Corporation of America, Inc., IL, USA; www.tanita.com). Assessments were completed with firefighters wearing their exercise (shorts and T-shirt) or station uniforms (cargo pants and T-shirt) with all pockets emptied and no shoes or socks. Standard deductions were made for clothing to determine final weights. Waist circumference (WC) was assessed using a spring-loaded tape measure in accordance with standard guidelines [19] . Obesity status was computed for BMI and WC using standard cut-off points [19] . Selfperceptions about body weight also were assessed [20] .
Aerobic capacity sufficient to meet National Fire Protection Association (NFPA) minimum post-cardiac event exercise tolerance threshold was determined using estimated VO 2max with the cut-off point of ≥12 metabolic equivalents (METs), i.e. VO 2max ≥ 42 ml/kg/min [21] . VO 2max was estimated using the Self Report of Physical Activity questionnaire [22] , along with participants' age, gender and BMI [22, 23] . This method has been validated against measured VO 2max and has demonstrated equal, if not better, accuracy than sub-maximal exercise heart rate [22, 23] . We selected this approach for its accuracy and because of cost limitations that precluded firefighters undergoing laboratory 'gold standard' assessments. The Center for Epidemiological Studies Short Depression Scale (CES-D10), a highly reliable scale [24] , was used to assess depressive symptoms. Tobacco use was assessed using questions from established epidemiologic surveys [16] . Demographic and occupational date were also collected.
All self-reported and measured weights, heights and BMIs were graphically plotted and their distributions examined. Their original baseline and 6 month selfreport and measured anthropometric data forms were examined. We computed error in the self-reported measures by calculating the mean differences (M diff ) and 95% confidence intervals (CIs) between self-reported and measured weight, height and BMI (i.e. self-report value − measured value) [6, 7] , respectively. In addition to M diff and 95% CI, we computed correlations between selfreported and measured weight, height and BMI, examined the difference in percentage of men categorized as normal weight, overweight and obese using standard definitions [19] based on self-reported and measured BMI and constructed Bland-Altman plots [25] for BMI because it is arguably the most important measure in field epidemiological studies of obesity.
We examined self-report bias stratified by a number of important demographic, occupational and health status variables in univariate models, using Tukey's honestly significant difference (HSD) to evaluate post hoc differences with variable strata demonstrating a main effect. This approach is consistent with previous reports using samples of the general US population [6] [7] [8] [9] . Stepped multivariate regression models were used to simultaneously assess the effects of variables established in the literature as associated with reporting bias, e.g. age, race, income, education, weight classification [6] [7] [8] [9] and ever smoking status (i.e. consumption of >100 cigarettes in their lifetime) [7, 8] , along with any statistically significant variables from our univariate models. All analyses were conducted with IBM SPSS Statistics, Version 21 and SAS 9.3.
Results
Of the firefighters present and solicited during each baseline visit, 1035 (94%) consented to participate. Of these, 97% were male; female firefighters were therefore excluded because of their small numbers (n = 33), severely limiting our ability to examine potential moderating effects of gender. The low representation of women is consistent with the US Fire Service, in which 3.4-3.7% of employees are women [26] . One extreme outlier was identified and censored. At baseline, the censored case self-reported their weight as 63.6 kg and their height as 168.0 cm. However, their measured baseline height and weight were 105.9 kg and 168.9 cm and their 6 month self-reported values were consistent with their baseline measured values. Therefore, it is likely they mistakenly wrote down an incorrect weight at baseline so we censored the case, reducing the number of male firefighters to 1001. Table 1 provides the demographic and fire service characteristics of enrolled male firefighters. Among male firefighters, self-reported weight, height and BMI were significantly correlated with their respective measured counterparts, i.e. measured weight (r = 0.990; P < 0.001), height (r = 0.961; P < 0.001) and BMI based on measured values (r = 0.976; P < 0.001), suggesting high levels of agreement. Figures 1 and 2 show the plot of identity and the Bland-Altman plot for measured and self-reported BMI. Figure 1 illustrates that most values cluster very closely to the line of equality, suggesting a high degree of correspondence. Similarly, Figure 2 demonstrates the differences between self-reported and measured BMI were generally quite small, with the majority of values falling within 95% limits of agreement. However, there appeared to be less agreement with increasing average values of the two BMI measures, indicating a greater propensity for self-reported BMI to underestimate measured BMI at greater levels of adiposity. Table 2 presents the average bias in self-reported weight, height and BMI stratified by a number of demographic, occupational and clinical variables in male firefighters. Several factors were significantly associated with self-report bias in weight in univariate models including BMI-based weight status (P < 0.001), abdominal adiposity (P < 0.001), weight self-perception (P < 0.01) and meeting the NFPA fitness guideline (P < 0.01; see Table 2 ). One of the most notable findings was the tendency for firefighters in the normal BMI weight category or normal WC range to overestimate significantly their weight compared with the other groups. In addition, firefighters who were Class II and III obese were significantly more likely to underestimate their weight.
Race/ethnicity (P < 0.05), income (P < 0.001), department type (P < 0.001), BMI-based weight status (P < 0.001), abdominal adiposity (P < 0.001) and meeting the NFPA fitness guideline (P < 0.01; see Table 2 ) were all significant univariate correlates of height reporting bias. The most notable trend was that leaner firefighters estimated their heights most accurately with increasing overestimation occurring with each subsequent weight status category. Class II and III obese firefighters overestimated their heights by >2 cm (see Table 2 ). Firefighters in 'WA' departments were much more accurate in estimating their heights compared with those in 'Standard' departments.
Bias in BMIs derived from self-reported heights and weights was significantly associated with department type (P < 0.001), BMI-based weight status (P < 0.001), abdominal adiposity (P < 0.001), weight self-perception (P < 0.01) and whether or not the firefighter met the NFPA fitness guideline (P < 0.001). Firefighters who were obese based on either BMI or WC had self-reported BMIs that were significant underestimates of their measured values.
Multivariate models of self-reporting bias in height, weight and BMI are presented in Table 3 . We included previously established correlates (e.g. age, race, income, education, marital status, weight classification and ever smoking status) [8] [9] [10] , as well as variables significant in our univariate models. We did not include abdominal adiposity or whether they met the NFPA fitness guidelines because abdominal adiposity classification was highly correlated with BMI and because the NFPA variable was based on METs and estimated using a formula including physical activity ratings and measured BMI.
Significant correlates of bias in self-reported weight, height and BMI are presented in Table 3 . Bias in selfreported weight was associated with BMI-based weight status and weight self-perception, while bias in selfreported height was associated with department type and BMI-based weight status. Correlates of bias in selfreported BMI derived from the previous indices included BMI-based weight status, department type and weight self-perception.
Discussion
This study found that self-reported and directly measured height, weight and BMI were highly correlated, which is consistent with previous studies [6] [7] [8] [9] . The high correlations demonstrate self-reported data can be used to estimate the actual (measured) anthropometric data in epidemiological studies of this population.
Small errors in BMI-based weight status estimation were observed among male firefighters. Using selfreported data, normal weight and Class II and III obesity prevalence were underestimated, while prevalence of overweight and Class I obesity were overestimated. Previous studies [9, 27] also demonstrated inaccuracies between weight classifications based on self-reported and measured BMI. Consequently, weight status classifications based on self-reported BMI may result in inaccurate estimates of mortality, morbidity and disability risks and health insurance costs, as well as in underidentifying participants who are at risk of gaining weight or developing obesity-related problems such as diabetes or hypertension, and weight-related impairment for duty [27] .
Our results are consistent with previous studies [6] [7] [8] of men over-reporting their height (by 0.94 cm) and weight (1.26 kg), resulting in an overestimation of their BMIs (by 0.09 kg/m 2 ). We found income, age and race influenced self-reporting bias for height and weight, results similar to those of other investigators [7] [8] [9] . Errors in self-reported height and weight contributed to errors in BMI based on these indices, particularly when participants were stratified into measured BMI-based weight categories. Weight and BMI underestimation and height overestimation increased from the normal weight category through the Class II and III obese category. A similar pattern was observed when participants were stratified into abdominal adiposity categories. This pattern of under-reporting weight and BMI in overweight and obese individuals has been described previously [8, 9] . Social desirability and stigma associated with obesity may affect accuracy of reporting anthropometric data [28] . This may explain the greater tendency to under-report weight in firefighters who would like to conform to 'fit' firefighter standards but do not. Misperception of weight and BMI among overweight participants indicates they are unaware of the severity of their weight status and consequently may fail to seek weight loss assistance or attempt to lose weight [29] . Meeting the NFPA fitness guideline was another health characteristic associated with bias in self-reported weight, height and BMI. According to the International Association of Fire Fighters and International Association of Fire Chiefs [30] , those without sufficient aerobic capacity lack the fitness level required to engage in fire suppression and rescue activities. Firefighters in this sample not meeting the NFPA guideline underestimated their BMIs and over-reported their heights. Similar patterns were also found among firefighters from 'WA' departments, who underwent annual physical assessments, compared with those that did not. One possible explanation for this pattern of bias is that firefighters in 'WA' departments and those who met the NFPA fitness standard were more likely to exercise and weigh themselves (or be weighed during an annual evaluation) than less fit firefighters or those in 'Standard' departments. Another possibility is that because participants in 'Standard' departments were more likely to be overweight and obese than their 'WA' counterparts [18] , they tended to show more bias in self-reported weight and height [6] [7] [8] [9] . Other factors typically associated with selfreport bias in other samples, such as tobacco use or depressive symptoms [8] , were not significant sources of bias.
Our study has some limitations, including the exclusion of women for reasons noted earlier [25] . Consequently, we were unable to examine correlates of self-reporting bias among women or make comparisons between men and women. Despite these limitations, this is to our knowledge the first study to describe the validity of self-reported height and weight in male career firefighters and presents the first documentation of the sources of bias. In addition, the large sample size provided more than adequate power to examine factors associated with self-report bias.
Our results support the notion that self-reported body weight, height and BMI are reasonably accurate reflections of their measured values and could be included as part of a periodic health surveillance program for US firefighters similar to that provided by the DoD for US military members [10, 11] . Currently, regular health surveillance or assessment programs for incumbent firefighters are not available in most US departments [15] . This is relevant to US fire service organizations, firefighters and researchers who might need to use self-reported data as part of nascent surveillance programs for estimating the prevalence of obesity or determining associations between weight status and other health parameters (e.g. injuries, absenteeism, health care costs, etc.) because of the costs and logistics involved in conducting direct assessments and because of the increasing problem of obesity and associated morbidity and mortality among US firefighters [13, 14, 17] . For example, self-reported measures could be used to identify firefighters at very high risk of SCD or injury, particularly those meeting the criterion for Class II and III obesity (BMI ≥ 35.0) [13, 14] , which in our previous population-based and national samples represent ~10% of male US firefighters [17, 18] .
Key points
• Self-reported weight and height, and body mass index estimates derived from them, are highly correlated with their respective measured values in US firefighters.
• Weight status is a key source of bias in self-reported height, weight and body mass index.
• Self-reported indices could be used in regular health surveillance of firefighters.
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